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By The University of New Hampshire’s Broadband Center of Excellence

University of New Hampshire’s BCoE is a working,
visitor-friendly showcase and resource organization
whose goals are to enable using broadband as a tool
to create economic growth, societal improvements and
business success. The Center leverages UNH resources,
research and technology expertise, and process and
policy tools to support advances in broadband services
and capabilities.

Don Dulchinos, author
Don Dulchinos is President, Smart Home and Away.
He directs efforts to develop technology and business
approaches for the areas of smart or connected home,
connected mobility vehicles and services, and smart city
applications. He is investigating the range of businesses
enabled by these technologies, including security,
energy management and demand response, health care,
connected cars and municipal sensor networks.
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EXECUTIVE SUMMARY
Accelerating urbanization of the population and the emergence of new smart
sensors (the Internet of Things) are combining in the phenomenon of the smart
city. This movement is leading to improved quality of life and public safety,
helping cities to enjoy economies that help remedy some budget overruns,
better health care, and is resulting in increased productivity.
The following report summarizes evolving digital technology trends,
including smart phone applications, mapping software, big data and sensor
miniaturization and broadband networking, that combine to create a
technology toolkit available to smart city developers, managers and citizens.
As noted above, the benefits of the smart city are already evident in some
key areas as the technology sees actual implementation, 30 years after the
creation of the broadband cable modem.
The challenges of urbanization require urgent action and intelligent strategies.
The applications and tools that truly benefit the people who live in cities will
depend not on just the tools, but their intelligent application given current
systemic obstacles, some of which are highlighted in the article. Of course,
all the emerging technologies mentioned are dependent on ubiquitous,
economical, reliable, safe and secure networks (wired and wireless) and
network service providers.

INTRODUCTION

“Old people,
in big cities,
afraid of the sky.”
— Bruce Sterling,
Futurist, at SXSW 2014

Rapid urbanization is expected to be one of the hallmarks of 21st century living
around the world. Along with an aging population and climate change, hence
Sterling’s pithy quote above, this accelerating urbanization will present urgent
challenges to city dwellers, municipal governments, and business, service and
technology providers.
The urban landscape has always been a site of rapid change. The technology
infrastructure that serves the city changes along with the landscape, but does
not always anticipate change. For example, in recent years, the ubiquitous
telephone booth fell into disuse with the growth of mobile communications.
The decommissioned booths stood unused for many years, symbols of
decay, and many were slowly removed. But in some cities, intelligence and
connectivity were leveraged to find other uses for the valuable real estate —
for example in New York City, the creation of information kiosks for visitor
wayfinding.
Harnessing technology trends to anticipate and solve new problems becomes
even more important as cities change rapidly this century. Smart cities is a
catchphrase for adopting new technology solutions more consciously, and in
a more anticipatory fashion, to improve city life today and prepare for future
developments.

3

UNH Broadband Center of Excellence

Smart Cities for Real People

A good example is the mobile app Parkmobile, which allows drivers to find
open parking spots and pay electronically though a pre-set account rather
than grope around for change. (Another change in the landscape — who still
has loose change in their car cup holder?) Parkmobile is a case of a technology
app that solves a specific problem, is easy to use, and provides a win-win
public — private partnership.
There are also examples that miss the mark, such as Yelp, an application that
helps people find nearby services. The mapping function is usually spot on,
but the reviews and preferential treatment of some establishments that pay for
placement, undermine some of its value to consumers.
In the ideal, there will be technologies and applications that maximize the
alignment of the city’s infrastructure and service with the needs and challenges
of the citizen living in the modern city. Success or failure of the smart city
depends on how well solutions match the evolving challenges of urban living,
and whether those solutions serve all citizens of the new cities: rich and poor,
young and old, historic populations and new arrivals.

Parkmobile app

“All of this is predicated on the premise that technologies
can help make people’s lives better in cities. At the end of
the day, technological developments will enhance our urban
experience — but they also risk leaving more people behind.
To this end, we must be deliberate in the development of
smart cities and imbue equity as a primary goal so that the
city of the future is a city for everyone.”
— Brooks Rainwater,
Director of the Center for City Solutions, National League of Cities

We will begin by articulating some of the new challenges facing the pioneers
of the smart city movement. These challenges include overcrowding driven
by accelerated urbanization, infrastructure needs that are difficult to install
or upgrade, economically or physically disadvantaged populations that are
vulnerable to rapid changes, and finally citizens who have difficulty keeping up
with the information they need to support their always-changing urban lives.
Emerging technologies and digital applications that can help meet some
of these challenges will be presented across a few key sectors. Mobility
innovations will be highlighted that address intractable traffic problems,
health care applications will be presented that address both personal and
environmental health challenges, and real estate development tools will be
described that help build responsive urban spaces and invite meaningful and
equitable citizen participation.
The brief will close by acknowledging several systemic obstacles that must be
faced and helpful technology trends that must be integrated in any successful
smart city deployment. Municipal budgets will always be a limiting factor,
centralized versus distributed approaches must be carefully weighted, the
transformation of urban mobility will be challenging from a coordination
perspective, and evolving telecommunications connectivity solutions need to
be tracked and deployed in responsive and secure ways.
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NEW CHALLENGES OF THE ERA OF SMART CITIES
It is now a cliché that cities are the nexus of factors leading to explosive
population growth. These factors include general population growth,
unprecedented migrations of peoples, both forced refugees and people
seeking economic opportunities, and a general sense of an increasingly higher
quality of life in cities. The explosive growth leads to new challenges.
Overcrowding is not new; cities for a long time were built to accommodate
a certain amount of density. Skyscrapers and other infrastructure was put
in place to support large populations, but growing dependence on existing
infrastructure makes it harder to upgrade or replace. Further, large scale
projects taking years to complete are sometimes obsolete before completion
as populations grow faster than expected.
And the pace of population growth itself exacerbates urban challenges.
Refugee populations face unique challenges, accessibility upgrades barely
keep pace, and low-income residents watch wealth enter the city but are
harmed or pushed out by gentrification. And even city residents with
more resources are challenged to keep up with the exploding amounts of
information that must be dealt with.
Overcrowding
Density does have a lot of advantages, in the sense of consolidation of
audiences, nearby locations of services or entertainment, clusters of expertise
for modern global business enterprise, and an inherently lower climate impact
as people in cities consume less energy per capita.
But success breeds new problems. Obvious drawbacks include increased
automotive traffic, both for center city areas and for workers who commute
into the city. Mass transit is strained to keep up, and roads and sidewalk
infrastructure take time to repair and upgrade. Less obvious is the alienation
that afflicts some city dwellers, especially those that become isolated due to
physical disabilities, aging or economic circumstances.
Patchwork Infrastructure
Cities are organic. They have grown over decades, centuries, even millennia
in some parts of the world. This is part of the diversity that attracts people.
But infrastructure and services lose the advantage of centralized planning,
and often there are few “greenfields” for development in existing cities. Aging
infrastructure of course is a well-known problem across the country, and
financing is not readily available.
Cities also represent a mixture of public and private space and zoning battles
between new development interests and neighborhood activists are ongoing.
There is also a struggle as new needs (e.g. charging stations for electric
vehicles) are assigned to older bureaucracies (city vehicle fleet departments)
that may not have the relevant expertise.
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Under-informed Citizens
Citizens in the age of the Internet are surrounded by more information than
ever before. But the quality of information with respect to their city may not be
as far along, nor is access to that data necessarily made available in a clear and
timely manner.
The zoning battles mentioned above are exacerbated as municipal
governments struggle to keep up with information and communication
technologies. For instance, the classic American town meeting does not scale
well when people are given the opportunity to skype in or worse yet, listen
via phone, limiting citizens’ ability to be heard. City officials are scrambling to
overcome the perceived gap between themselves, their actions and the true
wishes of their own constituents.
Disadvantaged Populations
Ethnic diversity is a positive feature of urban environments. The Great
Migration of African-Americans in the 20th century, and continued waves of
immigrant populations, have often contributed to urban growth in the U.S.
But poverty also has been a feature of urban life, exacerbated in 1960’s and
70’s by population movement to the suburbs. That migration has now reversed,
but resulted in gentrification and rising real estate prices, putting even more
pressure on lower income residents and historically established communities of
color. These structural changes have also exposed and added to the vulnerable
population of homeless people.

SOLUTIONS AND APPS FOR EVERYDAY PEOPLE
Smart cities initiatives attempt to solve these challenges, with mixed results,
but it may be instructive to focus on a few specific instances of “smart”
and connected solutions. There is some evidence that some well-designed
technologies and applications may begin to help the average urban citizen as
well as the most vulnerable. We will look at three segments — mobility and
transportation, health care, and real estate.
As we live in the age of the smart phone and its array of apps, it is natural for
many smart city initiatives to begin there. But an app on a phone is only a part
of any given ecosystem. True solutions will integrate not only good design on
the phone, but also interconnection to a healthy ecosystem of data sources,
attentive city subject matter experts and managers, and active, real-time
citizen-to-city feedback loops.
City planners and professional architects also have more digital technology at
their disposal. As sensors become cheap and ubiquitous, the built environment
incorporates more intelligence. Many smart city solutions leverage the
ability to acquire and interpret signals that the city itself is sending to them,
and adapting and improving their planning and property developments
accordingly.
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Some examples are part of the plan for a new “Quayside” development
in Toronto, in partnership with Google’s Alphabet venture Sidewalk Labs.
Sensors inside buildings will measure noise, robots will monitor trash
receptacles to call for collection, and outdoor sensors will monitor air quality,
traffic and the movement of people through intersections. It is that latter
example, however, that spurs privacy concerns, a systemic issue with much of
smart city technology.
And then there are the five finalist smart city projects as voted on by Smart
Cities Council, mentioned in this article. For more detailed information on
them, check the Council’s website news release.
Mobility
The hype over full autonomous vehicles and ride sharing has led to the use
of the term Smart Mobility. But the hype has obscured current improvements
in automotive technology (semi-autonomous, level-3 or smart car) that are
poised to help drivers and citizens today. Most cars have for some time been
equipped with “infotainment and digital cockpit” systems, and almost all
drivers now carry smart phones, and so the era of the connected car is upon
us. The connected car is just now beginning to truly integrate with smart city
infrastructure to bring new benefits.

ParkWhiz

Parking applications like Parkmobile mentioned above allow drivers to pay
for parking with a smart phone app. But distracted driving dangers limit the
usefulness of finding those parking spaces. Better integration of intelligence
into the car itself is key so the car can guide the driver to those open spaces.
The larger trend here is that two separate data sets, car and city, are being
made available to application developers, so that drivers can benefit from
shared data machine intelligence. An example is a new parking app, ParkWhiz
that bills itself as the “Expedia for parking,” allowing customers to shop
between different parking garages for the best price.
Urban traffic is the number one citizen complaint, and applications like Google
Maps now exist to provide optimal routes through rush hour traffic, and
provide spoken turn-by-turn directions when connected to vehicle audio. More
ambitious technologies are adding features that offer more granular services
such as hazard warnings, optimized speed for navigating synchronized green
lights, and detection of cyclists on the roadway.
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Cyclist detection and protection is one acknowledgement of the trend away
from single occupancy cars to other modes of transportation. Bike routes on
city streets are being added rapidly, even to dense urban environments like
Brooklyn. But drivers are not yet fully trained to notice and avoid them. A
turn-by-turn solution for urban cyclists is problematic as these cyclists must be
more attentive than cars, and can’t use ear buds to hear the directions since
that would block out car horns and other audible danger signals. Data about
bike trails and routes are lagging, but some examples exist, such as My Way to
Go from the metro Denver area. Private apps like Map My Ride and Strava map
cyclists’ routes as they move, but the riders do not yet have access to granular,
up-to-date trail/route data that cities could provide. The integration of multiple
real-time data sets with effective modes of computation and presentation for
different modes of urban transportation is vital to the smart city concept
The other primary alternative to cars is mass transit. In many, especially smaller
cities, transit is chronically underutilized which is often an information problem.
Apps that publish routing information in advance are now plentiful and helpful,
such as Los Angeles’ Metro app, or Smart Traveler in Buffalo, NY. But a key
enabler is the availability of real time information, due to the fact that buses,
subways and trains are not always running on time. Durham, North Carolina has
such an app called Durham Bus Tracker, as does Chicago with ETA Chicago.
And with GPS now standard on school buses, such applications are available to
simplify the life of parents of school children.
Transit underutilization is also about related infrastructure. Something as
simple as the condition of sidewalks around bus stops can discourage users.
WalkDenver, an initiative to get people out of cars, has routinely noted that
because property owners are responsible for sidewalk maintenance in many
communities, poorer neighborhoods have poor quality sidewalks. This means
unsafe places to wait for buses or walk home from a bus stop prevents more
people from using public transit. As a strategy to defeat this, WalkDenver
provides a web site where citizens may post photos of locations where walking
is dangerous, providing the city government with priority areas for making
improvements. Such reporting apps are being offered by more and more cities.
Safety in transportation more generally is a major initiative in certain cities.
Denver has the Vision Zero program that sets a goal of eliminating traffic
deaths completely; part of the city’s Smart City efforts with one of the pillars
of the effort being improved sidewalks. Safety is also a goal of the drive toward
autonomous cars. While widespread adoption is years away, many smart city
programs are volunteering to be testbeds for autonomous vehicles.
WalkDenver web site

Health Care
Just as smart cities should address the safety of their citizens, so too smart
city strategies should be designed to support the health of their citizens.
The Internet of Things is hugely invested in the health care space, as various
types of medical devices are outfitted with information and communications
technology. But citizens’ health and well-being are impacted as well by their
urban environment. We are already familiar with smog and asthma alerts as
delivered in many television outlets, but now some areas have transitioned this
information to smart phone apps.
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A nationwide network of Clean Cities coalitions has leveraged EPA funding
to manage some other strategies to improve health. It is no accident that the
American Lung Association is a key participant in many of those coalitions,
especially with respect to urban air quality. One strategy employed has been
for Clean Cities groups to manage Federal funding to deploy more electric
vehicles with smart city advocates often involved in determining the best
locations for EV charging stations in and around the city.
A creative technology synergy also has emerged with respect to air quality.
Several cities (Denver, Spokane) are installing air quality sensors on cityowned streetlights, which are already outfitted with sensors and networked
to improve energy efficiency. Cities may be uniquely positioned to find such
synergies among their overlapping responsibilities.
Health and well-being solutions, especially for at-risk populations, are critical
in cities. This sometimes requires coordinating health care with more general
social care resources, for example in helping the homeless. Surprisingly,
according to homelessness advocate Mike Homner, 50% of homeless people
carry a smart phone or tablet — what they can’t afford is a data plan. They
often access library Wi-Fi or public hotspots, and so connectivity within and
across the city is crucial. Then applications, such as strappd, can be used to
find updated shelter or other service information.
Part of any smart city’s large-scale efforts to promote the health of its citizens
is to find out where the problems are. Several mapping tools have emerged
for this purpose. 500 Cities is an interesting effort under the auspices of
the Center for Disease Control. According to their mission statement, “The
purpose of the 500 Cities Project is to provide city- and census tract-level
small area estimates for chronic disease risk factors, health outcomes, and
clinical preventive service use for the largest 500 cities in the United States.”
The Trust for Public Land has launched a Climate-Smart Cities program,
providing a similar analytic tool. The map below shows areas in a city with
a higher risk of cancer, and when cross-referenced with other data queries,
shows that those high-risk areas are correlated not only with lower income
populations, but also with smaller coverage of a tree canopy.

Strappd app

Climate-Smart Cities
program (Denver)
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Real Estate
As the growth of urban populations continues
to accelerate, mapping technologies have
emerged as a critical tool to meet the
challenges not only to the scale of growth but
also to the diversity of new populations driven
by refugee movements or climate crisis.
Accommodating growth inside limited
geographic borders needs new tools. A
company called CityZenith has products
providing 3 dimensional views, shown to
the right, but also adding “4 dimensional”
capability to show what further growth might
look like over time.
Zoning and development battles have always been part of urban life, but get
more contentious in the face of unprecedented growth. Citizen input on real
estate development impacts, using tools like CityZenith, may help citizens
“see” the future. But there is also a need to better keep citizens informed as
town meetings and zoning hearings become too numerous to track. Citizen
groups have begun to develop applications that may help. An organization
called Code for Boulder produced Building Boulder, an app that allows users
to use geolocation to find building permits near their neighborhoods, with
sufficient information for them to ask relevant questions before projects are
too far along.

SYSTEMIC OBSTACLES AND HELPFUL
TECHNOLOGY TRENDS
Fortunately, technology solutions to city challenges are rapidly emerging in the
digital era. Harnessing them to truly serve citizens needs is the hard part. This
review concludes with a consideration of systemic obstacles to the success of
many of these initiatives.
As noted earlier, the digital era has brought forth a revolution in software
tools and applications, and smart phones are a device city dwellers may
use to navigate their way through a newly information-rich environment.
Further, Moore’s Law has driven reductions in cost and size of an array of
sensor devices, allowing sensors to be integrated into a range of appliances,
infrastructure and city streets. Some of these technologies may offer new
solutions to some previously intractable problems.
But many of the obstacles are not technological but political and behavioral.
City and elected officials lag in their access to factors driving the digital
revolution like venture capital inflows or narrowly drawn business models.
Cities generate more data than ever, but movements to improve access to or
integration of the data are hamstrung by municipal IT departments without the
proper expertise or resources. Decentralized approaches, such as citizen and
software developer access to municipal open data portals, may provide more
options but come with security concerns.
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Connectivity
Broadband connectivity underpins the development and use of so many
helpful tools and applications. But such connectivity currently follows market
demand. City investments, however, must focus equally on economically or
otherwise disadvantaged communities. Mapping technologies can be helpful
in targeting areas of need, for example the University of New Hampshire
Broadband Center of Excellence (BCoE) project for broadband mapping
in New Hampshire. The recent election cycle saw some communities vote
to establish community broadband initiatives, reflecting the perception
that market forces may not be sufficient to bring broadband benefits to all
segments of the population at an affordable price.
Another emerging connectivity trend is the emergence of low power wide area
networks, LP-WAN, purpose-built to serve sensor networks. LTE is pervasive,
but is perceived as a high-cost solution to connected device requirements,
which include low data rates and intermittent signaling. Low power networks
may bear analysis to determine whether there is a synergy with wireline-based
broadband for backhaul purposes, such as current LTE backhaul.
Complexity of Mobility Solutions
Although the mobility sector shows much promise as noted above, key
transformational technologies, such as autonomous vehicles, and disruptive
digital services, such as car and ride share, are not just hype. While cities have
seized on their impact as a magic bullet that will solve traffic problems, they
need to ask more detailed questions.
And mobility changes also, as noted above, are changing the telecomm
landscape. The FCC is in the midst of allocating spectrum for Dedicated ShortRange Communications, or DSRC. The interplay of this demand with existing
connected device uses of unlicensed spectrum will be a significant challenge
that may take time to resolve.
Centralized Vs. Distributed Solutions
Many smart city solutions leverage classic Internet benefits, such as distributed
or peer-to-peer networks. But cities have responsibilities — underserved
markets, privacy and security concerns — that may not lend themselves to
such solutions.
But bottom-up, people-centered strategies, should still be enabled. The classic
case is municipalities that enable citizens to take geo-tagged smart phone
pictures of potholes or other infrastructure deterioration, and send them to
city government agencies for priority action.
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The Open Data movement emerged in recent years to provide data sets for
citizens to use and innovate. There was a flurry of activity, with volunteer
software developers such as Code for America or Data for Democracy
developing creative applications of such data. But government provision and
maintenance of such data is often spotty, and limited to data sets that don’t cost
extra budget expenditures to prepare and publish. Open Data portals also must
address hacking and misinformation done for criminal or terroristic reasons.
Distributed solutions may have been most dramatically illustrated in
responses to Hurricane Sandy in New York, where citizen-driven groups
inspired by groups including Occupy Wall Street were often quicker to bring
aid and supplies to storm victims than centralized government entities. In
a world buffeted by climate change, resilience is increasingly a watchword,
empowering citizens to respond to crisis rather than building an overly
prescriptive, centralized response plan.
Municipal Budgets and Creative Financing
The final consideration, as always, is who pays. Municipal budgets are always
under pressure, and municipal IT departments are not necessarily the best
trained managers of the new generation of smart technologies. And so,
bottom-up, people-centered applications mentioned earlier are one creative
and low-cost strategy.
An earlier generation of smart city work was done in high profile partnerships
between cities and large systems integrators such as Cisco, IBM and Panasonic.
These tended to result in initial financing help from those integrators, but
ultimately led to a) more hype than results and b) some loss of control of city
control over the results, as the private company incentives may not align with
goals of urban equity and diversity.
Improved public/private partnerships should be developed to expedite the
deployment of smart city initiatives. Some, like Parkmobile, work well in
a classic vendor relationship. The cities make their parking infrastructure
available to the “over-the-top” provider, and in turn receive cost savings to
themselves and convenience value to their residents and visitors.

CONCLUSION
The urban landscape has always been the site of change and innovation.
Smart city technologies have already proven to be of help to real people.
Modern digital technologies, including smart phone applications, mapping
software, big data, broadband and low power connectivity and sensor
miniaturization, have combined to create a technology toolkit that is available
to smart city developers, managers and citizens. Mobility and transportation,
health care and land use are just three areas that have already demonstrated
the value of these technologies in making for a more manageable and more
equitable urban living experience.
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Challenges remain, as the effects of growing urbanization continue to increase.
Municipal budgets will remain under pressure, and creative partnerships
with technology providers and other stakeholders, integrated by the City as
Platform, will be imperative. These partners should be aided by policies that
will expand broadband capacity. Despite technological progress in mobility, the
transformation of transportation will need to be carefully managed to align the
differing perspectives of car manufacturers, road infrastructure, municipalities
and their residents, commuters and pedestrians.
Ultimately, the success of smart city initiatives comes down to the people
who live and work there. Citizens who are not able to navigate and leverage
the augmented infrastructures, and residents who are not able to fully
participate in the new initiatives, will limit the full potential of the technological
improvements. It is up to municipal leadership, and the citizens themselves,
to find the most appropriate, most beneficial and most inclusive uses of these
smart city technologies.
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